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Introduction
Heckscher-Ohlin theory in its simplest specication (two countries, two goods, two factors) implies that the pattern of production is determined by relative factor endowments and relative factor input coecients. Under reasonable assumptions, a higher endowment of one factor in country 1 drives up the output of the sector that relies extensively on this factor, while output of the other sector declines. If prices of nal products remain constant and if the two countries are linked only via trade in nal goods, the situation in Country 1 will have no impact on Country 2's output pattern.
However, there are other ways that countries are connected, one of which is capital mobility, especially in highly integrated regions such as the European Union, where barriers to capital mobility have been abolished. Moreover, in recent years there has been a growing tendency toward the international fragmentation of production. In a recent contribution, Fisher and Marshall (2011) show how to calculate Rybczynski eects in a case where the number of sectors exceeds the number of factors empirically observed in an economy. Assuming a Leontie production technology and constant goods prices, they argue that the Rybczynski eect can be separated into a movement that is orthogonal to the economy's linear production possibility frontier and a second movement along this frontier.
The rst movement can be uniquely characterized and leads to higher revenue in the economy.
The second movement is arbitrary and not relevant for revenue. Hence, it is plausible to argue that the second movement is determined solely by the demand side of the economy, whereas 1 See, for example, Campa and Goldberg (1997) , Hummels et al. (1998 Hummels et al. ( , 2001 , Yeats (2001) , and Hanson et al. (2001 and Hanson et al. ( , 2005 . the rst can be interpreted as the pure Rybczynski eect as mandated from factor supply.
2 Fisher and Marshall's (2011) analysis does not consider general equilibrium eects in the form of price changes of nal goods. This is because they attempt to provide a framework for calculating Rybczynski derivatives using data reported by ocial statistical oces, which is characterized by a high number of both sectors and production factors, the former usually exceeding the latter. Deriving production technology from sectoral employment and inputoutput data and given the assumption that one dollar of output indeed has a value of one, they calculate a vector of factor income so that prices mandated by zero prots minimize the sum of squared deviations from a unit vector. Only by coincidence will the mandated price actually be equal to one. However, if production costs are only the best linear t for actual prices, the eect of price changes on output is everything but straightforward.
Nevertheless, the importance of general equilibrium eects for Rybczynski's (1955) theory cannot be denied. For example, in a recent extension of Rybczynski's ideas, Opp et al. (2009) demonstrate, in an analytically tractable model with two large countries, two goods, and two factors, that consumers' low willingness to substitute goods in consumption may lead to a reversion of Rybczynski's classic comparative statics in a setup in which two countries trade with each other, due to adjustments in the terms of trade. The general equilibrium eects on goods prices should be even more pronounced in a one-country analysis of the United States, a large and relatively closed economy. Hence, there is some doubt as to the validity of Fisher and Marshall's (2011) results because changes in output calculated from the production side of the economy may not be compatible with the consumption demand pattern.
With our multicountry extension we address this important shortcoming of the Fisher and Marshall (2011) framework. Our model is characterized by free trade of nal consumption goods between 11 European economies. Even the GDP of Germany, the largest economy in our dataset, comprises only little more than a quarter of the total GDP of these 11 countries. This justies the assumption of a small open economy setup, where output in one country does not 2 There have already been several attempts to determine a relationship between endowments and outputs.
Estimates of national revenue functions are presented by Kohli (1991) and Harrigan (1997) , which attempt to explain the patterns of comparative advantage. Fitzgerald and Hallak (2004) directly estimate a Rybczynski eect in a reduced-form equation. aect prices on the common market.
3 Moreover, most trade relationships are characterized by both exports and imports within narrowly dened product classes. This implies a high degree of substitutability between exports and imports in consumption, the opposite of what is required for a reversion of Rybczynski eects in Opp et al. (2009) .
Thus, we are condent that our partial derivatives are a reasonable representation of regional Rybczynski eects for small endowment changes. Taking the regional level as a third dimension of analysis (in addition to goods and factors) is especially relevant in light of the current economic imbalances in Europe. Bad economic conditions in the southern economies provide incentives for migration, especially for mobile high-skilled individuals who are able to aord the xed cost of migration. The resultant changes in regional output patterns may further aggravate the economic downturn in southern economies.
Changes in endowment of labor may be provoked not only by regional economic imbalances, but also by policy measures. Many governments consider attracting high-skilled individuals as an important national policy objective (e.g., Germany; BMBF 2010) because human capital is a major determinant of sustainable growth.
4 This sort of policy includes attracting highly qualied migrants as well as activating the country's reserves, for example, women (especially mothers) and older persons not currently participating in the labor market due to a lack of public infrastructure (e.g., childcare or vocational training) or because of labor market regulations.
5 When actively engaged in, this type of policy may aect the skill structure of workers in a country, implying a change in the country's relative endowments.
Migration-promoting policy measures may even aect relative endowments in two countries.
The importance of the skill structure for a high GDP per capita is illustrated in Figure 1 .
We use data from 11 European countries. Employment is dierentiated into nine types of 3 Having the baseline scenario characterized by free trade also implies that we do not have to deal with price changes due to changes in trade openness. 4 This is documented by, for example, Florida (2002 Florida ( , 2005 and Trippl and Maier (2010). 5 The literature focuses especially on the context of migration and on how employment growth as well as productivity can suer if there is a brain drain, which can occur when the most educated, talented, and entrepreneurial leave a region (Brezzi and Piacentini 2010; OECD 2008 OECD , 2009 . While this brain drain can result purely from regional economic dierences, the literature on brain competition policy focuses on the active attraction of high-skilled workers through national policy measures (Reiner 2010) . Only recently has attention shifted to the direct impact of immigration on innovative output (Agrawal et al. 2011; Hunt 2011; Hunt and Gauthier-Loiselle 2010; Marão et al. 2011; Niebuhr 2010; Ozgen et al. 2011) . A good overview of the issues involved in the migration of high-skilled workers can be found in Solimano (2008) . countries in the case with trade in intermediates and mobile capital, whereas results are mixed when capital is country specic.
The remainder of the paper is organized as follows. In section 2 we derive the international Rybczynski matrix, extending Fisher and Marshall's (2011) theory. Section 3 explains how we construct our dataset and section 4 displays the results. Section 5 concludes.
2
Derivation of the international Rybczynski matrix
To derive the theoretical properties of the Rybczynski matrix we use a Leontief production function with xed input coecients and constant returns to scale. We assume this to be a transnational production function. This means that, potentially, factor inputs from all countries are used to produce nal output in one country. Output is given by
where y ik is output in country k's sector i and v ikf l is the amount of country l's factor f employed to produce output in country k's sector i and a ikf l is the input coecient that determines the eciency of using country l's factor f to produce output in country k's sector i. The number of countries is K while the number of sectors is N and the number of factors is F . A similar relationship holds for all countries k, with the input-coecients being specic to each country. Full employment, together with the assumption that all production factors are scarce and have a strictly positive remuneration implies:
where y ik is output in country k's sector i, v kf is the endowment with factor f in country k and a ikf l is the input coecient. 8 Since this relationship must hold for any country k, we have K × F such equations.
7 Fisher and Marshall (2011) show that the analysis neither requires scarcity of all production factors nor positive output in all sectors.
8 For a more exible production technology, it is the average input coecient that is optimal to produce each yik given output prices and factor prices.
In matrix notation for all K times F country-specic production factors this relationship can be written as:
where v is the endowment vector of length KF , containing information about the factor endowment in all countries, dened as:
where each v k is a vector of length F . Furthermore, the vector of nal output y is of length KN and dened as:
where each y k is a vector of length N and the matrix of direct and indirect factor inputs A is of dimension KN × KF and dened as:
where each A kk on the main diagonal characterizes factor input coecients for domestic factors in domestic production and each A kl o the main diagonal characterizes factor input coecients for foreign factor inputs in domestic production. Each A-matrix is a matrix of direct and indirect factor inputs. Intuitively, this matrix describes the innite sum of all rounds of intermediate inputs into production. Hence, every element of the matrix is potentially dierent from zero. How can the coecients of this matrix be determined? We rst have to dene a matrix of direct factor inputs B. In our baseline specication, all factors are immobile between countries. This implies that direct factor inputs can come only from the country where the nal output is produced. The coecients of B are given by the relationship
where x ik is the overall production level, including the production of intermediate inputs that
will not be used to satisfy nal demand. Since this relationship must hold for any country k and any factor f , we have F times K such equations.
In matrix notation this can be written as:
where, as above, v is the endowment vector of length F K, containing information about the factor endowment in all countries. Furthermore,
is the vector of overall production including intermediate products of length N K and
is the N K × F K matrix of direct factor inputs. In our baseline specication, where all production factors are immobile internationally, only the matrices on the main diagonal of B contain positive input coecients. All the matrices o the main diagonal are zero because no foreign factors are directly used to produce domestic output.
From equation (3) and equation (8) we obtain:
Matrix B can be easily constructed from publicly available data sources. However, as mentioned above, it is matrix A in which we are interested. Their relationship can be conveniently derived from a system of linear equations. In every sector i and every country k the following accounting identity must hold:
where x ikjl are intermediate goods from country l's sector i used for production in country k's sector j, y ik is output of nal consumption goods and x ik is overall production in country k's sector i. When input coecients are constant, intermediate inputs depend linearly on nal demand. This relationship can be written as:
where the canonical element z ikjl is the amount of good i that is needed as intermediate
which in matrix notation is:
where the matrix of average intermediate inputs coecients Z is a N K × N K matrix dened as:
with each submatrix being of dimension N × N . The matrices on the main diagonal Z kk are, of course, the input-output matrices from the statistical oces, while the matrices o the main diagonal are international input-output matrices. The coecients of these matrices are xed Leontief input coecients but can also be interpreted as those that are optimal for given factor prices and currently prevailing goods prices. The solution to this system of equations is:
where I is the identity matrix of size N K × N K. The matrix C = (I − Z) −1 is then called the matrix of inverse Leontief coecients. This matrix indicates the overall production level necessary to satisfy a unit vector of nal demand, given the innite rounds of intermediate production. Inserting Equation (17) into Equation (11) we obtain:
As already mentioned, in the case of mobile production factors we have data on more goods than factors, N > F . This means that full employment can be determined as dened above. However, it implies that the empirical production possibility frontier is linear. Many possible output combinations lead to the same demand for production factors. Or, stated dierently, F times K full employment conditions do not determine N times K zero-prot conditions. It is not possible to solve Equation (11) for the vector y because matrix A is not invertible.
Following Fisher & Marshall (2010) , this problem is avoided by using the Moore-Penrose pseudoinverse.
9 Using this pseudoinverse of A denoted by (A ) + it is possible to write:
where z is an arbitrary N K × 1 vector. However, the arbitrary part of y is not relevant for the value of output as given by the revenue function Y = p y. This can be shown since when all N zero-prot conditions hold with equality, the price vector p must lie in the column space of A, because each good's price in each country is a weighted sum of F times K factor prices.
This implies that p (I − (A ) + (A ))z = 0 for any z. Therefore, y = (A ) + v is sucient as a solution for the output as determined by the supply side of the economy, whereas all other changes in sectoral output are demand driven. This allows dening a F K × N K Rybczynski 9 This matrix is described by Moore (1920) , Bjerhammar (1951) , and Penrose (1955) . See Albert (1972) for a nice exposition of its properties.
matrix that indicates marginal output responses to marginal changes in factor supply as:
where the element whose row is indexed by f k and column by il indicates the output eect in country l's sector i caused by a marginal increase in the supply with country k's factor f .
To calculate the aggregate Rybczynski eect of country k's factor f on output in country l, we simply sum over the N columns in a row f k that belong to country l:
where L characterizes the set of sectors that belong to country l. To calculate the aggregate Rybczynski eect of all factors in country k on output in country l we further take the sum over all factors f in country k, which can be written as:
where K characterizes the set of factors that belong to country k. In Section 4.1 we report the aggregate bilateral Rybczynski eects R kl . However, for the sake of comparison between dierent specications of capital mobility in our model, we specify the set of factors K to comprise labor in country k, but not capital from country k. In Section 4.2 we report Rybczynski eects R f kl for the factor f of high-skilled workers in each country.
Database and international input-output matrices
The most important data sources for our analysis are the EU member countries' input-output tables from Eurostat. We use input-output data from 2005 in basic prices, which comprise 59 sectors. We aggregate these data to obtain smaller matrices with 16 sectors. This allows us to merge the input-output data with data on sectoral employment in nine employment categories from Eurostat and sectoral capital from EU Klems (see Mahony and Timmer 2009 
where Z kl is the international input-output matrix that indicates in its row i and column j ows from country k's sector i to country l's sector j, m kl is a N × 1 vector calculated as imports from country l, Z l is the N × N input-output matrix of country l, and q l is the 1 × N vector of usage of products from all industries in country l.
Bilateral trade data are from the CEPII Baci database. We use a correspondence table from EU RAMON 11 to obtain bilateral trade ows for the 16 sectors described above.
Results
Following Fisher and Marshall (2011), we compute a full matrix of Rybczynski eects. As explained in Section 2, this Rybczynski matrix captures dierential eects at the sectorfactor-country level for 11 countries, 16 sectors, and 10 factors, including nine types of labor plus capital. To highlight the importance of spillovers between countries, we aggregate the individual eects at the country level, resulting in an 11 × 11 matrix of output eects. As an 10 The same or a slightly modied assumption is used by Hanson (1996, 1999 As we are specically interested in the interdependencies between countries, we present three dierent scenarios. Our baseline specication assumes free trade in nal goods only.
In our rst extension, we assume a production technology that requires intermediate inputs from abroad in concordance with the international input-output data. This provides an international link, such that changes in factor endowments in one country lead not only to reallocations of factors in this country, but in all countries connected. In a further extension, we relax the assumption of internationally immobile capital and instead consider perfectly mobile capital, not only between sectors of the same economy, but also across countries.
In each of these scenarios we rst calculate economy-wide aggregate Rybczynski eects. 
Extension 1: trade in intermediate inputs
In this section, we perform the same exercise with a full matrix Z, including national and international input-output data. The international input-output matrices are calculated as described in Section 3. This implies that producers in all other countries have to adjust their production patterns so as to deliver the intermediate inputs required for production in the country where endowment is increased. Intuitively, for countries that deliver many intermediate products to the respective country, this constraint may prevent them from maintaining the production pattern that maximizes output in the absence of trade in intermediates. However, countries that source a large share of intermediate products from the respective country may even experience an increase in output.
The own-country eects on the main diagonal of Table 3 are usually just marginally smaller than the eects in Table 2 . An outlier is Germany, which experiences a decline from 390, 062 to 377, 245 Euros. Also interesting is that the Czech Republic and Slovenia are the two countries that now have a larger Rybczynski eect on own output than was the case in the free trade in nal goods only scenario.
Not surprisingly, the eects on other countries dier substantially across countries. These dierences are already striking if we look only at the aggregate strength of the eect indicated in the last column of Table 3 , which is simply the sum of eects on all countries other than itself. Clearly, a higher labor endowment in Germany is the situation that is most harmful to the other countries. Aggregate output of all other countries declines even more than it rises in Germany. On the other hand, Slovenia has the smallest negative impact on the other countries, even allowing three of the remaining 10 countries to increase their output, namely, Spain, Finland, and Sweden.
In the last row of Table 3 we report the aggregate impact experienced by a country, which must be understood as the output eect in one country if all other countries undergo an increase in labor endowment. Hence, by construction it is equal to the sum over all rows of a column, excluding the element on the main diagonal. This eect is largest for Austria and Sweden, mostly driven by a very strong negative eect when endowment in Germany is increased. The country least aected by such a European-wide change is Spain, indicating that Spain is not an important producer of intermediate inputs.
The regional distribution of eects is also very heterogeneous. Endowment increases in
Denmark and Spain have a very similar aggregate impact on all other countries. However, whereas in the case of Denmark, it is Sweden that suers most, accounting for more than half the aggregate eect, a higher labor endowment in Spain aects many countries very similarly, with the United Kingdom and Germany being the two that suer most.
Extension 2: mobile capital
In Table 4 we report results for the same exercise, but with a further channel of international interaction. We now assume capital to be internationally mobile. This means that instead of 11 × 10 = 110 production factors, we now have only 11 × 9 + 1 = 100,that is, nine types of labor in each country plus mobile capital. Interestingly, output eects in some countries change substantially with the introduction of this additional channel, whereas output changes 613, 338 283, 739 712, [69] [70] 442 393, 831 377, 977 448, 822 701, 691 295, 533 455, 644 10, 286 222, 457 in other countries seem to be driven by capital movements to a much smaller extent than they are by trade in intermediate inputs.
Looking rst at the main diagonal, the biggest change compared to Table 3 occurs for Sweden, which seems to benet from huge capital inows as a response to a higher endowment with labor. Other elements on the main diagonal that change substantially are those for Finland and Slovenia. An interesting case is the Netherlands. This country experiences less of an increase in output when it has a higher labor endowment and mobile capital than it does in the case of immobile capital. This nding indicates that returns to capital in the Netherlands are so low that the liberation of capital ows leads to an outow of capital, even when labor endowment rises.
In the last column of Table 4 , where the aggregate eect on other countries is reported, we nd large changes, compared to Table 3 , for the Czech Republic and Denmark. A higher labor endowment in these countries seems to attract a great deal of capital from other countries, making these countries smaller in terms of output. Interestingly, these large capital ows do not result in much output change in the Czech Republic and Denmark themselves, compared to the case where capital is immobile, indicating that capital is used relatively less eciently in these two countries. Both countries attract a high amount of capital from Sweden, and
Denmark also attracts a great deal of capital from the Czech Republic.
Logically, Sweden and the Czech Republic are also the countries that suer most from aggregate increases in the labor endowment of all other countries, not only in comparison with AT   CZ  DK  ES  FI  GE  IT  NL  SL  SW  UK   Σ   AT 713, 013 1, 085 308, 359 729, 643 449, 018 435, 736 535, [3] [4] [5] [6] [7] [8] [9] [10] [11] [12] [13] 526 683, 263 6, 244 388, 861 796, 964 11, 808 253, 274 Tables 3   and 4 implies large capital ows between these countries.
Professionals
What is the eect of high-skilled workers on production in countries integrated by intermediate The labor category in our data that is most likely to include high-skilled workers is that of Professionals as classied by the ISCO-88 system. Professionals increase the existing stock of knowledge, apply scientic or artistic concepts and theories, teach about the foregoing in a systematic manner, or engage in any combination of these three activities. Most occupations in this major group require skills at the fourth ISCO skill level.
12 Thus, in the following we report Rybczynski eects for Professionals for the same three specications of international interaction as in Section 4.1.
Benchmark case: trade in nal goods
We again begin with our benchmark scenario: free trade in nal goods. Contrary to our ndings above, we now see negative gures on the main diagonal for some countries. These negative Rybczynski eects seem counterintuitive at rst glance. However, the logic of the countries. This is an interesting result since it suggests that capital ows out of the country where endowment with high-skilled workers is increased. This means that sectors that are relatively high-skilled-labor-intensive and, hence, expand as a result of the endowment shock, seem to be using relatively little capital. The sectors in which output is reduced must be relatively capital-intensive, allowing capital to ow out to other countries. Compared to the situation with immobile capital, the positive spillovers of high-skilled workers on output in other countries are even larger.
Conclusion
This paper makes a two-fold contribution to the literature. First, we theoretically derive a method to calculate a matrix of international bilateral Rybczynski eects using data from only the supply side of the economy. The international Rybczynski eect is the aggregate output change in one country given that endowment with one or more factors in another country increases. Second, based on this matrix, we describe the economic structure of 11 EU countries. We begin by assuming free trade in nal goods and gradually introduce two channels of international interaction: trade in intermediate inputs and international mobility of capital.
We nd that all countries increase their output when they obtain an additional unit of countries. This is caused by an outow of capital as a response to a higher endowment with high-skilled Professionals.
